Leishmaniasis is one of the world's most neglected diseases, largely affecting the poorest of the poor, mainly in developing countries. Over 350 million people are considered at risk of contracting leishmaniasis, and approximately 2 million new cases occur yearly 1 . Leishmania donovani is the causative agent for visceral leishmaniasis (VL), the most fatal form of the disease. The choice of drugs available to treat leishmaniasis is limited 2 ;current treatments provide limited efficacy and many are toxic at therapeutic doses. In addition, most of the first line treatment drugs have already lost their utility due to increasing multiple drug resistance 3 . The current pipeline of anti-leishmanial drugs is also severely depleted. Sustained efforts are needed to enrich a new anti-leishmanial drug discovery pipeline, and this endeavor relies on the availability of suitable in vitro screening models.
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In vitro promastigotes 4 and axenic amastigotes assays 5 are primarily used for anti-leishmanial drug screening however, may not be appropriate due to significant cellular, physiological, biochemical and molecular differences in comparison to intracellular amastigotes. Assays with macrophage-amastigotes models are considered closest to the pathophysiological conditions of leishmaniasis, and are therefore the most appropriate for in vitro screening. Differentiated, non-dividing human acute monocytic leukemia cells (THP1) (make an attractive) alternative to isolated primary macrophages and can be used for assaying anti-leishmanial activity of different compounds against intracellular amastigotes.
Here, we present a parasite-rescue and transformation assay with differentiated THP1 cells infected in vitro with Leishmania donovani for screening pure compounds and natural products extracts and determining the efficacy against the intracellular Leishmania amastigotes. The assay involves the following steps: (1) differentiation of THP1 cells to non-dividing macrophages, (2) infection of macrophages with L. donovani metacyclic promastigotes, (3) treatment of infected cells with test drugs, (4) controlled lysis of infected macrophages, (5) release/rescue of amastigotes and (6) transformation of live amastigotes to promastigotes. The assay was optimized using detergent treatment for controlled lysis of Leishmania-infected THP1 cells to achieve almost complete rescue of viable intracellular amastigotes with minimal effect on their ability to transform to promastigotes. Different macrophage:promastigotes ratios were tested to achieve maximum infection. Quantification of the infection was performed through transformation of live, rescued Leishmania amastigotes to promastigotes and evaluation of their growth by an alamarBlue fluorometric assay in 96-well microplates. This assay is comparable to the currently-used microscopic, transgenic reporter gene and digital-image analysis assays. This assay is robust and measures only the live intracellular amastigotes compared to reporter gene and image analysis assays, which may not differentiate between live and dead amastigotes. Also, the assay has been validated with a current panel of anti-leishmanial drugs and has been successfully applied to large-scale screening of pure compounds and a library of natural products fractions (Tekwani et al. unpublished).
1. After a 48 hr incubation, wash the chamber slide 3 times with serum-free RPMI-1640 medium. Peel off the plastic chambers from the slides and fix the cells by immersing the slides in methanol for 30 sec. Leave the slides in bio-hood under airflow for drying. 2. Prepare a SYBR Green I staining solution (5X) by diluting (1:2,000) the stock (10,000X) with water. 
Standardization of THP1 Cells to Parasites Ratio

Standardization of different detergents for controlled cell lysis
1. The primary objective of this experiment is to optimize the protocol for controlled lysis of the THP1 cells to achieve maximum/complete THP1 cells lysis without significantly affecting the viability of the rescued amastigote parasites. 
Representative Results
A quantitative analysis was done for both Digital-Image-Analysis-Direct-Counting-Assay and Parasite-Rescue-Transformation-Assay for 24, 48, 72 and 96 hr post-drug treatment
In the direct counting method, infection of L. donovani-infected macrophages (THP1 cells) was calculated by the following equation:
The amastigotes (determined by counting amastigotes nuclei)/100 transformed THP1 cells (determined by counting counted at THP1 cell nuclei) ( Figure 7 ) is a more accurate measure to analyze the effect of different standard or test compounds than the percentage of infected THP1 cells, as reported in some previous papers, because this number is directly related to overall effect of compounds, either through a decrease in parasites in macrophage cells or total removal of parasite from the macrophage cells.Infection was calculated from digital images of infected THP1 cells treated with different standard drugs at different dilutions for various time intervals ( Figure 10 and Table 1 ). The read-out for the Digital-Image-Analysis-Direct-Counting-Assay was amastigotes infection/100 transformed THP1 cells, while the read-out for the ParasiteRescue-Transformation-Assay was relative fluorescence units (RFU), which is directly proportional to the number of live Leishmania amastigotes rescued from the infected macrophages and transform into promastigotes. The alamarBlue assay is routinely used for Leishmania promastigotes anti-leishmanial drug screening.
The assay was initially standardized and optimized for controlled lysis of Leishmania-infected THP1 cells. The objective was to optimize the conditions for detergent treatment, which yield almost complete lysis of THP1 cells with minimal effect on the viability of the rescued amastigotes. (Figure 2F) . In subsequent experiments, treatment with 0.05% SDS for 30 sec was used. Procedure for SDS treatment is the same for single or multiple plates. In multiple plates, SDS treatment was implemented column by column with a multichannel pipette. Serum-free medium was removed from all 8 wells of one column of the plate and 20 μl of 0.05% SDS was added in 8 wells of the same column and diluted after 30 sec with RPMI-1640 with 10% FBS. During initial standardization of the assay, the plates were checked under the microscope for non-internalized promastigotes. A minimum of five washings were necessary for removal of parasites before step 5 of treatment of infected macrophage cells with standard compounds and three washings were necessary before step 7 of SDS treatment. Thus, the cells were washed 8 times and no visible non-internalized promastigotes remained before control lysis of infected THP1 cells.
Digital Image Analysis and Direct Counting
The digital images of Leishmania-infected THP1 cells were captured on Nikon Eclipse 90i fluorescent microscope after staining with SYBR Green I. Both macrophage nuclei and intracellular Leishmania nuclei with characteristic kinetoplast DNA were observed under the fluorescent filters (Figure 3) . Further, the images of infected THP1 cells were also captured under DIC. When both the images were merged, the outlines of THP1 cells with intracellular amastigotes were seen more clearly (Figure 4) . The ImageJ software was used to analyze these images. ImageJ is a public domain, Java-based, image-processing program developed at the National Institutes of Health (http://rsb.info.nih.gov/ij/download.html). ImageJ has been designed with an open architecture that provides extensibility via Java plugins and recordable macros. Custom acquisition, analysis and processing plugins can be developed using ImageJ's built-in editor and a Java compiler. For differential counting of THP1 cells nuclei and parasite nuclei by ImageJ, the image was opened in ImageJ. Cell counter was found in Analyze option in plugin of the Software. The image was initialized and cell counter type 1 was selected for THP1 cell nuclei and cell counter type 2 was selected for parasite nuclei (Figure 3) . Differential counting was done for at least 200 THP1 cell nuclei and the intracellular amastigotes present in these THP1 cell nuclei. A comparison of parasite-rescue assay and image analysis method was made for evaluating the infectivity of THP1 cells with different macrophage:promastigotes ratios (Figure 4) . Figure 5 represents the differential infectivity in THP1 cells at different macrophage:promastigote ratios. Both the methods showed comparable results and the macrophage:promastigote ratio of 1:10 yielded optimum and reproducible infectivity.
Once the conditions for parasite-rescue/transformation assay and the digital image analysis were optimized, the utility of these assays was evaluated for anti-leishmanial drug screening. The Leishmania-infected THP1 cells were treated with different concentrations of standard antileishmanial drugs namely Amphotericin B, Pentamidine and Miltefosine for different time intervals ranging from 24 to 96 hr. The experiment for parasite rescued/transformation assay was done in triplicate and the experiment for direct cells counting method was done in duplicate. Figure 6 shows microscopic images of the control uninfected, control infected untreated and Leishmania-infected, treated THP1 cells. The dose response curves were prepared from the parasite-rescue and transformation assay (concentration of the drug vs. transformed parasites) and the image analysis assay (number of amastigotes/100 THP1 cells) (Figures 7-9 ). The IC 50 of the drugs were computed by ExcelFit and are presented in Table 1 Table 1 . Comparison of Digital-Image-Analysis-Direct-Counting-Assay and Parasite-Rescue-Transformation-Assay for anti-leishmanial drug screening. The infected macrophages were treated with different concentrations of standard anti-leishmanial drug for different periods. IC 50 (μg/ ml) values were computed from the dose response curves by Excelfit (Figures 7-9 ). 
Discussion
There are several methods available for anti-leishmanial drug screening based on macrophage-amastigote models. Assays can be done with the macrophages collected from host animals namely peritoneal exudate cells (PEC), peripheral blood monocyte cells (PBMC) 6 or bone marrow-cells. The assays, which use dividing host cells, must ensure that the confounding effects of drug activity on both parasite and host cells number are considered. The differentiated primary macrophages collected from various sources such as mice and rats are non-dividing in nature, but these cell preparations may not have homogeneous cell populations. Monocytic cells-derived cell lines are homogenous in nature and are a better model for the macrophage-amastigote-based screening. Out of different monocytic cell lines, differentiated THP1 cells (human acute monocytic leukemia cell line) can form a non-dividing monolayer and offer an attractive alternative to primary isolated macrophages.
The macrophage-amastigote-based screening can be done in several ways. Classical microscopic evaluation based on direct cell and parasite counting 9 is labor intensive. The absence of automation limits the utility of this assay. Counting of cells is time consuming and may give inaccurate determination of IC 50 values since determination of parasite viability through a staining procedure is difficult. Many fluorescent dyes and monoclonal antibodies may be employed for flow cytometric assays 10, 11 , but these assays are also limited due to less sensitivity and limitation of time interval of drug-treatment to only one day. There are several reporter gene assays available for quantifying the growth of intracellular amastigotes 12, 13, 14 . An automated screening may be possible using reporter genes, but these assays also have certain drawbacks. First, majority of these assays require drug selection for maintaining the episomal expression of the reporter genes, which may not be ideal for a drug screening experiment. The way by which the reporter gene is introduced could also influence the physiological properties of the parasite and have an impact on the screening. If the reporter gene is the part of an episomal plasmid, the relative output of reporter may depend on the copy number of the transfected plasmid (which varies from cell to cell) rather than on the activity of the drug 14 . Some reporter parasites which are transformed parasites do not need selective pressure to maintain the reporter gene; however, there could be biological consequences either by disrupting the genomic architecture or just by the presence of the foreign reporter proteins 15 . In some reporter gene based assays, there are issues of sensitivity and background activity 16 . Most importantly, many of the reporter gene expression assays, specially the one with GFP reporter gene15, may not differentiate between the live and dead intracellular amastigotes. Assays based on luciferase reporter gene may discern between living and dead intracellular amastigotes, but substrate and cell lysis buffer for these assays are expensive for large-scale screening 17 . To overcome these demerits and limitations of previous macrophage-amastigote-based screening assays, we have developed and optimized this parasite-rescue and transformation assay. This assay is based on THP1 cells, which have good homogeneity and are non-dividing in nature, as host cells.
The Parasite-Rescue-Transformation-Assay assay described here is comparable to the assay based on Digital-Image-Analysis-Direct-Counting of the intracellular amastigotes. Fluorescent and DIC microscopy, digital image analyses by ImageJ for differential counting of the macrophage nuclei and the parasite nuclei have further refined the microscopic counting assay. Capturing the images under fluorescent light filters and differential interference contrast (DIC) filters have improved the quality of the digital image for more accurate counting of the intracellular parasites. Both fluorescent and DIC images can be merged to obtain the digital images with clear macrophage cell outlines and fluorescent intracellular nuclei. The macrophage nuclei and the parasite nuclei can be differentially recognized with ImageJ. Therefore, both Digital-ImageAnalysis-Direct-Counting-Assay and Parasite-Rescue-Transformation-Assay have the potential for automation and application to large-scale screening. The critical steps in the Parasite-Rescue-Transformation-Assay are: (a) repeated washings of THP1 cell cultures after exposure to Leishmania promastigotes, to ensure almost complete removal of the non-internalized promastigotes and (b) controlled lysis of the infected THP1 cells with SDS. Both the steps may also be controlled with automation and should not compromise with throughput of the assay. The second step of washings, after exposure of the Leishmania infected THP1 cells to the test drugs/compounds removes the remaining noninternalized parasites, if any. The Parasite-Rescue-Transformation-Assay offers significant advantages over existing microscopic, reporter gene and image analysis assays. The assay is simple, robust, and reproducible, can be automated for large-scale screening and therefore should have important application in screening of large compounds libraries for new anti-leishmanial drug discovery. Further, the assay can also be applied for evaluating infectivity of clinical, as well as, laboratory isolates of Leishmania in vitro.
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